Background Emergency surgery for colon cancer carries significant morbidity, and studies show more than doubled mortality when comparing elective to emergency surgery. The relationship between postoperative complications and survival has been outlined. Beta-blocker therapy has been linked to improved postoperative outcomes. This study aims to assess the impact of postoperative complications on long-term survival following emergency surgery for colon cancer and to determine whether beta-blockade can reduce complications. Study design This cohort study utilized the prospective Swedish Colorectal Cancer Registry to identify adults undergoing emergency colon cancer surgery between 2011 and 2016. Prescription data for preoperative beta-blocker therapy were collected from the national drug registry. Cox regression was used to evaluate the effect of beta-blocker exposure and complications on 1-year mortality, and Poisson regression was used to evaluate beta-blocker exposure in patients with major complications. Results A total of 3139 patients were included with a mean age of 73.1 [12.4] of which 671 (21.4%) were prescribed beta-blockers prior to surgery. Major complications occurred in 375 (11.9%) patients. Those suffering major complications showed a threefold increase in 1-year mortality (adjusted HR = 3.29; 95% CI 2.75-3.94; p \ 0.001). Betablocker use was linked to a 60% risk reduction in 1-year mortality (adjusted HR = 0.40; 95% CI 0.26-0.62; p \ 0.001) but did not show a statistically significant association with reductions in major complications (adjusted IRR = 0.77; 95% CI 0.59-1.00; p = 0.055). Conclusion The development of major complications after emergency colon cancer surgery is associated with increased mortality during one year after surgery. Beta-blocker therapy may protect against postoperative complications.
Background
Postoperative complications after major surgery have been associated with decreased short-and long-term survival [1, 2] . Emergency laparotomy is in itself considered a highrisk procedure with considerable postoperative morbidity and mortality rates. Clarke et al. outlined a 30-day mortality rate of just under 20% following emergency laparotomy. This number was doubled when considering patients over the age of 80. They also found a need for intensive care interventions in every fourth patient undergoing emergency laparotomy [3] . The presence of a postoperative complication appears more important than high preoperative patient risk factors in determining survival following major surgery. Khuri et al. found that the occurrence of a complication in the 30-day postoperative period reduced median patient survival by 69% [2] . Despite advances in surgical techniques as well as pre-and postoperative care, a high incidence of complications and early mortality remain following emergency abdominal surgery for colon cancer [4, 5] . Sjo et al. showed that mortality increased from 3.5 to 10% and complications from 24 to 38% when elective surgery is compared to emergency surgery for colon cancer [5] . There is, however, a paucity of data in the literature on the long-term effects of postoperative complications after emergency surgery for colon cancer and the factors which may reduce them.
Beta-blocker exposure has demonstrated a protective effect with decreased 30-day mortality following emergency surgery for colon cancer [6] . In surgery for rectal cancer, preoperative beta-blocker therapy has been associated with a decrease in several major postoperative complications and an increase in survival rate up to 1-year postoperatively [7] . It has been suggested that these positive effects are due to the down-regulation of the deleterious effects of the hyperadrenergic state induced by major surgery [8] . The hypothesis of the current study is that major postoperative complications are associated with worse long-term survival after emergency surgery for colon cancer, and that beta-blocker therapy may be used to decrease the incidence of major postoperative complications and thereby improve survival.
Materials and methods

Study population
Ethical approval was obtained from the Institutional Review Board of Uppsala County, Sweden (Ref. 2015/454 ). Subsequently, all adults aged C 18 years who underwent emergency surgery for colon cancer between January 1, 2011, and October 31, 2016, were identified from the Swedish Colorectal Cancer Registry (SCRCR). The SCRCR is a nationwide registry with prospectively collected data. The registry is used for quality measurements and has a completeness of over 99% [9] . Patients undergoing laparotomy without bowel resection were excluded from the cohort. Variables accrued for each patient included age, body mass index (BMI), sex, complications classified according to Clavien-Dindo, tumor location, TNM classification, American Society of Anesthesiologists (ASA) classification, indication for surgery and type of surgery. Data on 1-year mortality were retrieved from the Swedish Cause of Death Registry maintained by the National Board of Health and Welfare. Complications with a Clavien-Dindo score of three or greater were classified as major. This definition was used since the nature of the surgery coupled to patient and disease characteristics in the current study is inevitably associated with higher rates of minor complications.
The primary aim of the study was to assess the association of major postoperative complications with 1-year mortality. The secondary aims were to assess the interaction between beta-blocker use and the incidence of major postoperative complications, as well as the effect of betablocker exposure on mortality in patients suffering a major postoperative complication.
Beta-blocker therapy
Prescription information with regards to beta-blocker therapy was sought from the Swedish national drug registry of the National Board of Health and Welfare. Unique personal identity numbers were used to link study subjects to the national database for drug prescriptions. All drug prescriptions in Sweden are registered in the national database including drug type, dosage and date of issue and date of collection. All patients with a prescription prior to the date of surgery were allocated to the beta-blocker positive group. The most recently collected beta-blocker prescription was used to reflect type and dosage. Collated drugs information included drug name, dosage, frequency of administration (daily or as required), prescription date of issue and collection. Only patients with collected prescriptions for daily beta-blocker administration, as opposed to 'use when required,' met inclusion criteria for betablocker positive cases. Patients were divided into betablocker positive and negative groups as well as a major postoperative complication group and non-major postoperative complication group for analysis.
Statistical analysis
Patient demographics, clinical information and outcomes were compared between the group with major complications and the rest of the study population. The Chi-squared test or Fisher's exact test was used for categorical variables. Student's t test was used for normally distributed continuous variables and the Mann-Whitney U test was used for ordinal or asymmetrically distributed continuous variables.
The proportional hazards Cox regression model was used to evaluate the effect of complications and betablocker exposure on mortality, and the interaction between complications and beta-blocker therapy. The event was defined as death of any cause within one year of surgery, and the censoring was defined as alive at one year. The Poisson regression model was used to evaluate the effect of beta-blocker use on severe complications. The HuberWhite sandwich estimator for variance was used in parameter estimation, which is robust to some types of model misspecifications as long as the observations are independent. To adjust for potential confounding factors, the following covariates were included in the regression models: age, gender, BMI, ASA, TNM classification, cancer stage, type of surgical resection and the indication for emergency surgery. Multiple imputation method was used for handling missing values in BMI and ASA scores by using the iterative Markov chain Monte Carlo method [10] . Five imputed data sets were generated and the estimates from the five data sets were combined according to Rubin's rules [11] . The results of the above outlined risk assessments are reported as hazard ratio (HR) for 1-year mortality or as incidence rate ratio (IRR) with corresponding 95% confidence interval (CI). Results were considered statistically significant at a two-sided p-value of less than 0.05. Statistical analyses were conducted in Stata 15.1 (StataCorp, College Station, TX, USA).
Results
A total of 3139 patients met inclusion criteria. The mean age (standard deviation) of the total studied cohort was 73.1 (12.4) years and 1666 (53.1%) were women. The majority of patients had stage III cancer (41.9%) with the most common indication for emergency surgery being bowel obstruction (78.1%). Six hundred and seventy-one (21.4%) patients were on regular beta-blocker therapy at time of surgery ( Table 1) . The most commonly prescribed beta-blockers were: metoprolol (57.5%), followed by bisoprolol (20.4%) and atenolol (10.7%), with the remaining percentage (11.3%) being made up of a mixture. The majority of patients on metoprolol had a dose of 50 mg (50%), followed by 100 mg (25%) and 25 mg (25%). For bisoprolol, the dosages were 10 mg (20%), 5 mg (50%) and 2.5 mg (30%). For atenolol, 50% were on a dose of 50 mg and the remainder had a dose of 25 mg. The mean percentage of adults prescribed beta-blockers in the general population of Sweden during the study period was 13.1%. This percentage increased to 29.4% for the age group 60 to 85 years (information collected from the national drug registry of the National Board of Health and Welfare, October 1, 2018).
Major complications occurred in 375 (11.9%) patients. Complications consisted of cardiovascular events (28.5%), anastomotic dehiscence (24.8%), intra-abdominal abscess formation (17.9%), stoma-related complications (16%), sepsis (15.5%), wound infection (9.1%), pneumonia (9.1%), bleeding (5.1%), cerebrovascular insults (CVI) (2.9%) and deep vein thrombosis (DVT) (1.1%). Unspecified complications were noted in 3.2% of the cohort. Patients suffering severe complications were older (75.3 vs. 72.8 years, p \ 0.001), less fit for surgery (ASA C 3 in 61.3% vs. 44.5%, p \ 0.001) and more commonly had bowel perforation as the surgical indication (25.6% vs. 15.6%, p \ 0.001) ( Table 1 ). There were no statistical differences in sex, surgical procedure, overall cancer stage or exposure to beta-blockers between patients who did and did not suffer a major postoperative complication (Table 1) .
Patients suffering major complications demonstrated a higher crude 1-year mortality rate (53.6% vs 23.1%, p \ 0.001) ( Table 1) . Cox regression analysis and complementary Kaplan-Meier curves outlined a threefold increase in 1-year mortality risk of this subgroup (adjusted HR = 3.29; 95% CI 2.75-3.94; p \ 0.001) ( Table 2 , Fig. 1left ). This relationship remained after excluding patients who died within 30-days of surgery to control for early postoperative deaths (adjusted HR = 1.87; 95% CI 1.44-2.44; p \ 0.001) (Fig. 1 right) . In all patients, betablocker therapy was associated with a 34% risk reduction in overall 1-year mortality (adjusted HR = 0.66; 95% CI 0.53-0.82; p \ 0.001) ( Table 2 ). The most common cause of death up to 1-year postoperatively was multi-organ failure (47.6%), followed by cardiovascular (16.7%), pulmonary (15.0%), sepsis (12.3%) and cerebrovascular (5.3%). The cause of death was unknown in 3.1% of patients. An interaction between beta-blocker exposure and major postoperative complications was noted with a hazard ratio of 0.65 (95% CI 0.40-1.03) indicating a further 35% risk reduction in 1-year mortality for patients with a major complication and on beta-blocker therapy. This interaction was, however, not statistically significant with a p value of 0.067 (Table 2) . Notably, patients with major complications had almost a three times higher mortality rate compared to those not suffering a major complication (Table 1) . A trend toward decreased overall incidence of major postoperative complications was observed in the betablocker positive patients (adjusted IRR 0.77, 95% CI 0.59-1.00, p = 0.055) ( Table 3 ). In the event that a major postoperative complication occurred, beta-blocker exposure significantly reduced the risk of mortality with 60% (HR = 0.40; 95% CI 0.26-0.62; p \ 0.001) in the first postoperative year (Table 4) . For specific complications, there was a significant reduction in 1-year mortality seen in patients suffering from postoperative sepsis (HR = 0.09; 95% CI 0.02-0.37; p = 0.001), cardiovascular event (HR = 0.33; 95% CI 0.17-0.63; p = 0.001) and CVI (HR = 0.03; 95% CI 0.002-0.54; p = 0.017) ( Table 4) .
Discussion
The current study shows that major postoperative complications after emergency laparotomy and resection surgery for colon cancer are associated with a significantly raised mortality during the first postoperative year. Patients on regular preoperative beta-blocker therapy showed an almost significant trend toward reduced risk of developing several major postoperative complications. More interestingly, patients on beta-blocker therapy who developed severe sepsis, a severe cardiovascular event or cerebrovascular insult demonstrated significantly better survival than those not receiving such therapy with same adverse postoperative events. To the authors best knowledge, this is the first study investigating the impact of major complications on long-term survival following surgery for emergency colon cancer, the association between beta-blocker therapy and the incidence of such adverse events, and the effect of beta-blocker therapy on long-term mortality in patients who develop major postoperative complications.
Emergency laparotomy is associated with high morbidity and mortality [3] . When it comes to emergency laparotomy with tumor resection for colon cancer, data from the American College of surgeons' National Quality Improvement Program have demonstrated a higher incidence of serious postoperative complications and mortality compared to equivalent elective surgical procedures [4] . Similar findings have been outlined in other studies comparing elective to emergency surgery in the context of colon cancer [5, 12] . There is mounting evidence, suggesting that postoperative complications after major surgery have long-term negative effects on survival [1, 2] . Results reported in a prospective multicenter study including over 100,000 patients from the American College of Surgeon's National Surgical Quality Improvement subjected to eight different major surgical procedures, found a HR hazard ratio, BB beta-blocker, CI confidence interval, BMI body mass index, ASA American Society of Anesthesiologists non-cardiac, non-neuro elective surgery [1] . In the current study, a major postoperative complication, defined as a Clavien-Dindo C 3, was associated with a doubling of crude mortality (23.1 vs. 52.6%, p \ 0.001) and with a threefold higher risk of death up to one year after surgery (adjusted HR = 3.29; 95% CI 2.75-3.93). It has been suggested that the hyperadrenergic state induced by major surgery or severe illness activates inflammatory responses leading to adverse outcomes [8, 13] . Beta-blocker administration has shown a downregulation of pro-inflammatory factors such as interleukin-6 and TNF-a both in vivo and vitro which may offer some explanation to its beneficial use [14, 15] . Beta-blocker exposure reduced the incidence of several postoperative complications in the current study, but this finding did not reach statistical significance. One explanation for this could be due to the low number of occurred events of interest. Nevertheless, beta-blockers seem to offer a survival benefit in patients suffering a major postoperative complication. In patients with severe sepsis, beta-blocker exposure significantly reduced the mortality risk up to 1-year postoperatively (adjusted HR = 0.09; 95% CI 0.02-0.37). This is in line with previous findings by Khuri and colleagues, where a postoperative septic episode was associated with higher mortality rates up to 5 years after undergoing colectomy (63.2% vs. 17.4%) [2] . Furthermore, Fuchs et al. demonstrated that the continuation of a long-term beta-blocker in the acute phase of severe sepsis is associated with improved survival rates up to 90 days (adjusted HR = 0.67; 95% CI 0.48-0.95; p = 0.003) [16] . In addition, similar survival protection was seen in patients on betablockers who suffered a cerebrovascular insult (adjusted HR = 0.03; 95% CI 0.002-0.54, p = 0.017). It is possible that this observation may partly be explained by the immunomodulatory ability of beta-blockade. Beta-blockade has been associated with down-regulation of inflammatory responses, leading to improved penumbra conditions and thereby reduced secondary brain injury following CVI [14, 15] . Previous research in trauma has reported improved survival in patients on pre-injury betablockers suffering traumatic brain injury [17, 18] . Experimental studies have shown better cerebral perfusion and oxygenation in traumatic brain injury animal models, which in part, could explain these positive findings [19] . The increased risk of cardiovascular insults in the periand postoperative period following surgery has been known for long [8] . The major impact of cardiac complications on long-term survival was outlined by Khuri et al. who showed an increase in 1-year mortality following colectomy from 17.5 to 92.4% and 18.6 to 58.2% as a consequence of suffering a cardiac arrest or myocardial infarction, respectively [2] . Protective effects from betablockade on postoperative cardiac deaths have been seen in patients undergoing non-cardiac elective surgery [20] . Specifically, a sixfold increase in adverse events following non-cardiac surgery has been seen in patients with an increased cardiac risk profile who fail to continue their regular beta-blocker treatment [21] . In the current study, preoperative beta-blocker use did not reduce the incidence of major cardiovascular events following emergency surgery (adjusted IRR = 0.92; 95% CI 0.58-1.46; p = 0.75). However, patients who suffered a severe cardiovascular complication demonstrated improved 1-year survival in the presence of beta-blocker therapy (adjusted HR = 0.33; 95% CI 0.17-0.63, p \ 0.001). In contrast to the current study, the well-known randomised controlled trial (POISE) detected a decrease in adverse cardiovascular outcomes but a higher risk of mortality in patients receiving preoperative beta-blockers [22] . There are several differences between these studies that should be emphasized when comparing results. In the current study, only severe cardiovascular events, classified using Clavien-Dindo, were included. This results in a lower number of adverse events that could lead to a statistical type two error. Further, in contrast to the POISE trial, restricted inclusion of patients who were subjected to emergency abdominal surgery for one surgical disease only do offer a more homogenous study population. The POISE trial focused on non-cardiac surgery and consequently included orthopedic, vascular and intra-abdominal surgery without distinction between surgical procedure performed, surgical approach (minimal invasive or open surgery) and urgency of the procedure. This results in a more heterogenous study population in terms of risk for postoperative complications and mortality. Finally, the POISE trial detected more cerebral events in the betablocked cohort. There was no increased risk for such adverse outcome in the current study which is in line with other more recent trials [23] . One possible explanation for this could be due to dosage differences. The methodology of the POISE trial involved the administration of 200 mg extended-release metoprolol given preoperatively to betablocker naïve patients, whereas in the current study patients were exposed to lower doses of beta-blocker during a longer period of time prior to their surgery.
The current study outlines the impact of major postoperative complications on long-term survival following emergency surgery for colon cancer and how the outcome following some major complications may be improved by the exposure to a beta-blocker agent. The study is strengthened by its use of an externally validated prospective national patient registry with a coverage of over 99% of all colon cancer patients in Sweden as well as by the all-encompassing national drug registry. The retrospective design of the study does, however, result in certain limitations. This includes the lack of co-morbidity data and detailed information around anesthesia and perioperative care, as well as the specific postoperative complications suffered and the intervention undertaken as result of these adverse events. The authors are also unable to account for the indication for beta-blockers being prescribed and the exact timing of administration for patients' regular betablocker agents whilst in hospital. Only patients with betablocker prescriptions that were collected were considered beta-blocker exposed; however, we are unable to control for a strict day to day compliance and the continued administration during the hospital stay and after hospital discharge. According to national guidelines set by the Swedish Society of Anesthesiology and Intensive Care, supported internationally by the guidelines set by the American College of Cardiology and American Heart Association (ACC/AHA), a patient on daily beta-blocker therapy should not be discontinued on their beta-blocker agent before or after undergoing non-cardiac surgery. It is therefore an assumption, backed up by national and international guidelines, that patients who in this study are labelled beta-blocker positive preoperatively continued to receive their beta-blocker both in hospital and following discharge. Further, due to the retrospective nature, we are also unable to account for the exact experience of the operating surgeon and the course of surgery. A prospective interventional study is required to address these issues and to validate current findings. The development of major postoperative complications after emergency surgery for colon cancer is associated with an increased mortality risk during the first postoperative year. This finding advocates for measures taken to reduce such deleterious events but might also justify extended follow-up after discharge and timely interventions to minimize the risk of premature deaths. Beta-blocker therapy may provide a protective effect in these instances; however, this requires further research before any therapeutic recommendations for colon cancer patients could be issued.
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